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ABSTRACT 
_____________________________________________________________ 
 
The Hudson Valley fold-thrust belt (HVB) is a narrow band of deformed Silurian and 
Devonian strata, west of the Hudson River, in the region between Kingston and Albany, 
New York.  Previous studies of the HVB at the latitude of Catskill, New York suggest 
that shortening is accommodated above two distinct detachment faults. The upper fault 
called Rondout detachment, crops out at or just above the post-Taconic unconformity and 
forms the floor thrust of a distinct duplex.  The lower fault called the Austin Glen 
detachment, does not crop out but has been inferred to occur at a depth of several 
hundred meters below the surface.  Mapping of a 5 km-long segment of the HVB that 
includes Roberts Hill, near the belt's northern end (17 km NNE of Catskill), was 
conducted to characterize how the HVB changes progressively to the north.  This 
mapping reveals a duplex structure just above the post-Taconic unconformity, identical to 
the duplex structure at Catskill.  This observation supports the hypothesis that the 
Rondout detachment continues from Catskill to the north, along the length of the HVB.  
The Siluro-Devonian sequence and the Rondout detachment are folded in the Roberts 
Hill study area, indicating that the Austin Glen detachment also lies at depth in this 
location.  Cross-strike shortening of the Roberts Hill study area is relatively small, 
compared with regions further south, and the distance between the Helderberg 
Escarpment and the western deformation front of the HVB is significantly less than in the 
Catskill area.  It appears that the Helderberg Escarpment cuts diagonally across the strike 
of the HVB, from Catskill to the north, so that only the foreland portion of the belt, where 
deformation is less intense, remains in the Roberts Hill study area. 
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— CHAPTER 1 — 
INTRODUCTION 
_____________________________________________________________ 
 
Context of the Hudson Valley Fold-Thrust Belt 
The Hudson Valley fold-thrust belt (HVB) is a 1 to 3 km-wide band of deformed 
strata that crops out in a N- to NNE-trending miniature valley and ridge province just 
west of the Hudson River between Kingston and Albany, New York (Marshak 1986; 
1990).  Deformation in the belt involves a sequence of unmetamorphosed uppermost 
Silurian through lower Middle Devonian shallow-marine carbonate and clastic strata.  
The rocks of the belt are of economic interest, for they serve as a regional source for 
crushed rock and cement. 
The eastern edge of the HVB is delineated by the Helderberg Escarpment, a 10 to 
40 m-high NNE trending cliff.  The base of this escarpment coincides with the post-
Taconic unconformity, at which the Siluro-Devonian sequence overlies Middle 
Ordovician turbidite deposits previously deformed during the Taconic orogeny.  The 
western edge of the HVB is defined by an escarpment exposing the basal units of the 
Hamilton Group that dip at about 5° to the west.  Further west, fold-thrust belt related 
deformation dies out progressively, so is not present in Middle Devonian strata of the 
Catskill Mountains (Marshak, 1983).  To the south, at the city of Kingston, the structural 
grain rotates to a northeast trend and the width of the deformed belt broadens 
significantly, eventually merging with the Pennsylvania Valley and Ridge Province.  The 
northern most exposures of the HVB occur near the intersection of the north-south-
trending Hudson Valley and the northwest-southeast trending Mohawk Valley.  North of 
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this intersection, erosion has removed lower Devonian strata, so structures associated 
with the HVB cannot be recognized.   
The age of deformation affecting strata in the HVB remains uncertain (Marshak, 
1986).  Strata within the belt were deposited prior to both the Acadian (Mid-Devonian) 
and Alleghanian (Late Paleozoic) orogenies, so stratigraphic age alone is not a basis for 
resolving deformation age.  Woodward (1957) and Marshak (1986) argue that the 
location of the HVB between the Catskill foreland (west) and the Acadian metamorphic 
belt (east) that deformation in this region is Acadian.  In contrast Sanders (1969) argues 
that the continuity of HVB structures with known Alleghanian structures to the south in 
Pennsylvania suggests that the deformation must be Alleghanian.  Geiser and Engelder 
(1983) suggested that parallelism of the HVB to the Lackawanna Syncline in 
Pennsylvania also implies that the HVB is Alleghanian.   
 
Statement of Purpose 
The purpose of this study is to determine if the intensity, style, and/or orientation 
of the structural fabrics in the HVB near its northern limit differ from that observed in the 
belt further south.  To address this question, a 1:10,000 scale geologic map was produced 
of a 2 km-wide by 5 km-long portion of the belt between latitudes 42°21'53.36"N (near 
the Route 81 bridge over the New York State Thruway), and  42°24'47.21"N (near the 
intersection of Roberts Road with County Road 54) in the Coxsackie, New York 15' 
quadrangle.  Structures documented by the resulting map were compared to those 
displayed by maps of the HVB segments to the south (by Marshak, 1983; Zadins, 1983; 
Burmeister, 2005; Sen, in prep.).  Field work for this project was carried out during the 
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summer of 2008, and in the spring of 2009.  The quality of exposure in the map area is 
poor as the region is heavily vegetated and moderately populated, subsurface data are not 
available.  Nevertheless, exposures are sufficient to delineate first-order folds and major 
faults.   
Below, the work of previous researchers in the region is summarized.  Then, I 
describe stratigraphic units as exposed in the Roberts Hill study area, and geologic 
structures depicted by my map.  Three new geologic cross sections provide an 
interpretation of the results.  My discussion addresses the existence of the Rondout 
detachment and associated duplex structures along the Helderberg Escarpment, and 
explains why cross-strike shortening in the Roberts Hill study area appears to be less than 
in segments of the belt that lie further south. 
 
Previous Geological Research in the HVB 
 The Hudson Valley fold-thrust belt (HVB) was first described in the 19th century 
by Davis (1882) and Darton (1894).  Quadrangle-scale mapping of portions of the belt 
began in the first half of the 20th century.  Mapping of the Coxsackie Quadrangle, in 
which the Roberts Hill study area lies, was published at a scale of 1:62,500 by Goldring 
(1943); her map focuses on stratigraphic relations and contains very little structural data, 
though the text accompanying her map notes orientation of strata in the region.  Despite 
some changes in the nomenclature of the formations (Ver Straeten, 1995) and advances in 
the understanding of structural geology, Goldring's map still proves a valuable resource 
for geologists mapping in this region.  Chadwick (1944) mapped nearby quadrangles, but 
did little to elucidate the character of structures in this region except to remark on their 
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complex nature—he referred to outcrops of the belt as a "disordered nightmare."  In 
1983, Marshak mapped the region surrounding the spectacular Route 23 road cut near 
Catskill, New York, and produced cross sections, based on the roadcuts.  These cross 
sections have provided a foundation for subsequent studies in this region. 
Zadins (1983), Plumb (1984), Marshak and Tabor (1989), and Burmeister (2005) 
mapped and analyzed the structural features of the fold-thrust belt in regions south of the 
town of Catskill.  Sen (in prep.) mapped the area between Leeds and the southern end of 
the Roberts Hill study area.  In addition to mapping and structural analysis, several 
authors studied other aspects of the HVB.  For example, Marshak (1985) and Bhagat and 
Marshak (1990) studied the nature of cleavage development, La Porte (1969) studied the 
cyclicity of transgression and regression in area, and Harris and ver der Pluijm (1998) 
studied twinning strain. 
 
Geographic and Geologic Character of the HVB 
The HVB is a foreland fold-thrust belt that extends for about 80 km between the 
cities of Kingston and near Albany, trends roughly north-south, and lies between the 
Catskill Mountains to the west and the Hudson River to the east (Fig. 1).  Erosion of the 
deformed strata in the HVB has produced a miniature valley and ridge province with a 
topographic relief of about 100 m.  Since the ridges of the HVB are dwarfed by the much 
higher Catskill Mountains to the west, Davis (1882) referred to the HVB as the “Little 
Mountains.” He was puzzled by the fact that deformed strata of the HVB occur at low 
elevations, while apparently underormed subhorizontal beds underlie the peaks of the 
Catskills.  This contrasted with other mountain ranges in which intensely deformed rocks 
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occur at high elevations, and flat lying rocks occur to the foreland.  The Silurian and 
Lower Devonian strata exposed in the HVB provide excellent examples for the study of 
fold-thrust belt architecture, and are visited by hundreds of students a year (Marshak, 
1986).   
The Roberts Hill study area consists of an approximately 5 km-long by 2 km-wide 
segment of the HVB, centered at Roberts Hill, in Greene County (Fig. 1a, b).  The 10 
km2 area is bounded to the south by Route 26 and to the north by Jennings Road.  The 
Helderberg Escarpment, a 30 m-high east-facing bluff, delineates the boundary between 
the Silurian-Devonian units of the HVB to the west and the Ordovician strata of the 
Hudson River Valley to the east. The Escarpment lies near the eastern boundary of my 
study area (Fig. 1c).  Strata in the Roberts Hill study area are warped into open 
asymmetric folds.  First-order folds have wavelengths of less than 500 m and amplitudes 
of less than 200 m.  An imaginary enveloping surface containing the crests of the folds 
dips gently westward, suggesting that the entire HVB arches over the Hudson Valley.  
Exposure in the Roberts Hill study area was poorer than that found by geologists 
working further south in the HVB.  Specifically, much of the land in the Roberts Hill 
study area has been cleared for agricultural purposes or for residential development, and 
the remainder is covered by dense new-growth forest.  Though cross-strike shortening in 
the Roberts Hill study area is considerably less than in regions further south in the HVB 
(c.f., Babcock, 1966; Zadins, 1983; Plumb, 1984; Marshak, 1986; Burmeister, 2005), 
poor exposure leaves much to be interpreted when mapping.   
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Figure 1a: Regional topographic relief map of the northeastern United States.  The 
Hudson Valley fold-thrust belt (HVB) is indicated by the yellow box. 
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Figure 1b:  Location map of the HVB.  Stipled areas indicate Siluro-  
Devonian strata.  The Roberts Hill study area is indicated by the red box. 
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 Figure 1c: Location map the of Roberts Hill study area depicting locations of major fold 
and fault traces, the Helderberg Escarpment, localities of interest, and local roads. 
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Glacial erosion and deposition helped shape the current landscape.  Glacial 
striations of similar orientations (180° and 115°) were observed on New Scotland 
Formation dip slopes in several locations, and large glacial erratics of Onondaga 
Limestone can be found along Limekiln Road and near Deans Mill (Fig. 2).    
 
Mapping Methodology 
Geologic mapping was conducted on a 1:10,000 basemap compiled from enlarged 
portions of the Ravena and Hudson North USGS 7.5" Topographic Quadrangles.  Field 
data were plotted on a mylar overlay.  The exact field locations were recorded using GPS 
calibrated to North American Datum 1927, Zone 18N.  While field locations were plotted 
using UTM coordinates, all locations are reported here in latitude/longitude coordinates. 
Quality and abundance of outcrop in the Roberts Hill study area is generally poor 
(Fig. 3).  Roadcuts, where present, are small and with few exceptions, provide only a 
glimpse of structure underfoot.  Poison ivy and deer ticks were abundant (severe poison 
ivy exposure cut the first summer field season short.)  Summer foliage (including poison 
ivy) and fallen autumn leaves obscure exposures, unit identification difficult, especially 
in cases of the Kalkberg and New Scotland Formations.  Gently dipping shale strata and 
west-facing hillsides are rarely exposed, making gradational contacts and any thrust faults 
west of the Helderberg Escarpment difficult to locate.   
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Figure 2:  Typical large glacially transported boulders of Onondaga Limestone along 
Limekiln Road.  It was difficult to determine whether these blocks were in place. 
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Figure 3: Examples of the nature of outcrops in the Roberts Hill Study Area.  Onondaga 
Limestone (top) and Austin Glen Formation (bottom). 
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Work in the Roberts Hill study area can be impacted by land-access issues.  In the 
past few decades, numerous homes have been built on abandoned farmland, and are 
occupied by people who have moved into the area from elsewhere.  Many landowners 
refused to grant access, and on two occasions, they called the Greene County Sheriffs 
Department.  Conditions for geologic field study have deteriorated since the days of 
Goldring, who worked in the area before reforestation and at a time when landowners 
were more accomodating.  Despite access and cover issues, I was able to obtain sufficient 
data to produce an accurate geologic map (Fig. 4). 
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Figure 4: Geologic Map of the Roberts Hill study area 
 
 
 
13  
— CHAPTER 2 — 
STRATIGRAPHY 
_____________________________________________________________ 
 
The Succession of Strata Exposed in the HVB 
The Roberts Hill study area contains exposures of Ordovician Austin Glen 
Formation overlain unconformably by a succession of uppermost Silurian through lower 
Middle Devonian strata (Fig. 5).  Due to regional westerly dip, older units are exposed on 
the eastern side of the Roberts Hill study area, whereas younger units crop out to the 
west.  In the following paragraphs, stratigraphic succession is described, from the base to 
the top, based on my field observations and on published information.   
 
Austin Glen Formation (Unit Oag) 
The oldest unit exposed in the Roberts Hill study area is the Middle Ordovician 
Austin Glen Formation, named for exposures in Austin's Glen, a small canyon cut by 
Catskill Creek, near the town of Catskill (Marshak, 1990).  The Austin Glen Formation is 
correlative with the Normanskill Formation found further north and the Martinsburg 
Formation found further south.  The Austin Glen Formation in the Roberts Hill study area 
consists of grey, poorly sorted lithic sandstone interbedded with grey shale.  Locally, 
bedding in the sandstone is graded.  The proportion of sandstone to shale varies with 
locality, but sandstone beds generally range in thickness from about 0.25 m to 3 m and 
account for ~75% of the section.  Spectacular flute casts occur on the bedding-plane 
surfaces of sandstone beds in exposures along the west side of Route 9W,  
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Figure 5: Simplified stratigraphic column in the Roberts Hill Study Area. 
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most notably 2.5 km north of the Exit 23B of the New York State Thruway (Fig. 6).  
Flute-cast trends suggest that the strata were derived from an easterly source (Rickard 
and Fisher, 1973).  Shale beds range from 1 to 200 cm in thickness.  Based on the 
occurrence of graded beds and deep-marine fossils such as graptolites, the Austin Glen 
Formation is interpreted to be a marine turbidite deposit (e.g., Sanders, 1969).  
 
Rondout, Manlius, and Coeymans (Unit SDrmc) 
In regions to the south of the Roberts Hill study area, the uppermost Silurian 
Rondout Formation, which consists of sandy dolostone and dolomitic shale, 
unconformably overlies the Austin Glen Formation.  No exposure of the Rondout 
Formation was found in the Roberts Hill Study Area; in fact, the unit thins progressively 
northwards and stratigraphically pinches out at the latitude of the town of Coeymans, ~ 3 
km north of the northern edge of the Roberts Hill study area (Rickard, 1962).  While the 
Rondout Formation was not observed the directly, it is included in the Rondout-
Coeymans (SDrmc) map unit to indicate that it is present at the base of the post-
Ordovician sequence.  Because the unit is not exposed, I do not provide a field 
description. 
The Manlius Limestone overlies the Rondout Formation.  In the Roberts Hill 
study area, the Manlius Limestone has an aggregate thickness of ~15 to 18 m and is 
relatively well exposed.  Two rock types occur in the Manlius Limestone; laminated 
micrite ("ribbon limestone") and medium- to coarse-grained biostromal lime wackestone.  
The laminated micrite, possibly derived from planar stromatolites, occurs in 20 to 25 cm-
thick beds (Fig. 7).  These ribbon-like horizons are markers that make the Manlius  
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Figure 6: Flute and drag casts on a vertically oriented bedding surface in the Austin Glen 
Formation, west side of Route 9W.  42o24’27.35”N -73°49'26.04"W. 
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Figure 7: The “ribbon limestone” laminated micrite derived from stromatolites within 
the Manlius Limestone.  42o24’3.78”N - 73°50’2.33"W 
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Limestone the most readily identifiable unit in the HVB.  Biostromal beds comprise 
about 75% of the Manlius Limestone.  These beds are composed of medium to coarse-
crystalline fossiliferous limestone.  Manlius Limestone micrite weathers to a light grey, 
but is medium grey on a fresh surface.   The lime wakestone of the unit weathers to a 
medium grey, and is dark grey on a fresh surface.  The highest laminar micrite bed 
defines the top of the Manlius Limestone (Marshak, 1990).  
The Coeymans Limestone overlies the Manlius Limestone and is a medium to 
coarse-grained dark grey fossiliferous limestone with a thickness of ~ 7 to 8 m.  
Coeymans Limestone weathers light grey, though not quite as light as the Manlius 
Limestone. It can be distinguished from the Manlius Limestone micite because it includes 
25 cm-thick massive beds and has a crystalline appearance which can be observed on 
weathered beds in direct sunlight.   
Coeymans Limestone beds can easily be confused with biostromal beds of the 
Manlius Limestone; the units are definitively distinguished from each other based on 
their fauna.  Specifically, fossils of the brachiopod Gypidula coeymanensis appear 
throughout the Coeymans Limestone, but not in the Manlius Limestone.  These fossils 
weather very prominently, appearing in profile as a white rim with a beak-like protrusion 
in the center, or as a ring with an inward-projecting tooth on bedding surfaces (Fig. 8).  
The Coeymans Limestone also contains abundant crinoid fragments.  The Manlius 
Limestone contains ostracod fossils which resemble fingernail clippings when viewed in 
profile.  On bedding surfaces, these fossils appear as tiny black ovoids (1 to 2 mm in 
diameter). 
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 Figure 8:  Brachiopod Gypidula coeymanensis, index fossil of the Coeymans Limestone. 
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When mapped on a smaller scale, previous authors chose to combine the 
Coeymans Limestone and Manlius Limesstone together as a single unit (e.g., Marshak, 
1990).  Exposure of these units in the Roberts Hill study area is sufficient to map them 
individually, they are too thin to be depicted clearly at 1:10,000 scale.  Thus, I have 
included Manlius Limestone and Coeymans Limestone, along with the Rondout 
Formation, as a single unit (SDrmc) with an aggregate thickness of ~ 30 m. 
 
Kalkberg , New Scotland, and Becraft (Units Dkns and Db)  
Overlying the Coeymans Limestone, is the Kalkberg Formation -  a light-grey- to 
buff-weathering unit consisting of alternating argillaceous limestone and limy shale beds 
that are 5 to 20 cm thick.  The argillaceous limestone is dark grey on a fresh surface and 
contains abundant brachiopod and bryozoan fossils.  The lower 4 to 5 m of the Kalkberg 
Formation includes 5 to 10 layers of 3 to 4 cm-thick black replacement chert, separated 
by 20 to 60 cm-thick intervals of argillaceous limestone.  The lower few chert layers  are 
fairly continuous, but higher layer become increasingly nodular.  The lowest chert layer 
is often used to delineate the base of the Kalkberg Formation (Marshak, 1990).  In the 
absence of chert layers, Kalkberg Formation beds are difficult to distinguish from those 
of the overlying New Scotland Formation in the field. 
The Kalkberg Formation passes into the New Scotland Formation, which consists 
alternating tan to grey argillaceous limestones and grey shaly horizons, and is generally 
more argillaceous than the Kalkberg Formation.  The higher clay contact makes the unit 
less resistant to weathering than the overlying Becraft Limestone and underlying 
Kalkberg Formation.  Thus, the New Scotland Formation is generally not well exposed 
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(Marshak, 1990).  The New Scotland Formation contains theh characteristtic fossils of 
the brachiopod Leptaena rhomboidalis, which helps to distinguish the New Scotland 
Formation from the Kalkberg Formation (Fig. 9).  The New Scotland Formation is 
difficult to distinguish from the Kalkberg Formation, so the two units are mapped in the 
present study as a single unit (Dkns), with an aggregate thickness of ~ 60 m.  
The New Scotland Formation passes up-section into the Becraft Limestone, which 
consists of pinkish grey to light grey, coarse-grained crinoidal grainstone, interbedded 
with 1 to 3 cm-thick greenish-grey shale horizons.  Individual limestone beds range from 
5 to 15 cm in thickness, and the unit has an overall thickness of approximately 30 m.  The 
shale layers are common in the lower Becraft Limestone, but are absent at the top.  Chert 
nodules occur locally near the top of the unit.  Most of the limestone beds are composed 
of crinoid fragments, but in the upper Becraft Limestone, calyx fossils (the base-plate of 
the head of crinoids) are abundant, and can be used as a facing indicator—the vast 
majority of them are oriented "bowl down" (Marshak, 1990).  In several localities, a 
distinct layer of pebbles marks the contact between Becraft Limestone and New Scotland 
Formation.  The Becraft Limestone commonly forms escarpments above the less-resistant 
New Scotland Formation. 
 
Upper Units of Strata in the HVB (Units Dag through Dmm) 
The three formations overlying the Becraft Limestone include the Alsen 
Formation, the Port Ewen Formation, and the Glenerie Formation.  These three 
formations are not exposed in the Roberts Hill study area.  For this reason, these units 
were mapped together as the Devonian Alsen-Glenerie Formation (Dag) in areas between  
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Figure 9: Fossil of Leptaena rhomboidalis, an indicator of the New Scotland Formation. 
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exposures of the uppermost portions of the Becraft Limestone and Esopus Shale, as did 
Goldring (1943). Since no exposure of these units was found in the Roberts Hill study 
area, a field description was not made.   
The Esopus Shale overlies the Glenerie Formation and consists of dark grey, silty 
shale that weathers to a dark brown.  The unit splits primarily on cleavage planes, or 
splinters into into pencils.  In outcrop, the distinction between cleavage and bedding can 
be made primarily searching for subtle color banding—silty layers tend to be brown, 
whereas muddy layers tend to be dark grey.  Exposed bedding surfaces locally contain 
the trace fossil Zoophycus, a mop-head-like array of feeding burrows (Fig. 10).  The 
Esopus Shale in the Roberts Hill study area has an overall thickness of ~25 to 28 m. 
The Esopus Shale grades upward into the overlying Schoharie Formation, a 
medium to coarse-grained, tan-weathering, argillaceous limestone, interbedded with fine-
grained grey-weathering siltstone.  The Schoharie Formation is between 10 and 20 m 
thick, and the alternating tan and grey beds within it are about 5 to 20 cm thick.  Pyrite 
grains are distributed throughout the unit, forming small (1 cm-diameter) rust spots.  In 
larger (> 3 m) outcrops, the color banding and rust spots are so distinctive that they allow 
the unit to be identified quite easily.  The Schoharie Formation commonly contains a 
spaced pressure-solution cleavage, which in many localities is the dominant parting 
surface.  Cleavage domains are characteristically smooth, wavy, and anastamosing. 
The Schoharie Formation grades upwards into the Onondaga Limestone, the 
youngest carbonate unit in the Roberts Hill study area.  The Onondaga Limestone 
consists of medium- to coarse-grained, light-grey weathering limestone beds with an 
aggregate thickness of ~ 45 m.  It contains many layers of nodular light-grey to black  
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Figure 10: Trace fossil of Zoophycos within the Esopus Shale. 
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 replacement chert, so weathered outcrops have a knobby, irregular surface (Fig. 11).  
Chert at the base of the unit is light grey but nodules darken up-section and become 
nearly black at the top of the unit.  Basal beds of Onondaga Limestone contain 
spectacular coral fossils.  For example, along the east side of Limekiln Road, due west of 
the Coxsackie Reservoir, bed surfaces contain numerous coral heads that are up to ~ 60 
cm across.  
The Bakoven Shale, stratigraphically equivalent to the Marcellus Shale and the 
Union Springs Formation, overlies the Onondaga Limestone.  Based on exposures south 
of the Roberts Hill study area, the Bakoven Shale consists of very fine-grained dark-black 
marine shale, with planar cleavage that causes the unit to split into very thin sheets.  
Where observed south of Catskill, the contact between the Bakoven Shale and the 
Onondaga Limestone is very sharp (Marshak, 1986). The Bakoven Shale is not exposed 
in the Roberts Hill study area, for it is not resistant to weathering and underlies valleys 
covered by Quaternary to recent sediment.  Above the Bakoven Shale lies the Mount 
Marion Formation, a medium-grained, light-brown weathering marine quartz sandstone.  
Locally, the unit contains thin (< 5 cm) silty layers.   
 
Transgressive Sequences of the Helderberg and Tristates Groups 
The Lower Devonian formations of the HVB comprise the Helderberg and 
Tristates Groups.  Both of these groups consist of clastic and carbonate strata 
representing trangression and regression of a shallow sea (Rickard, 1962; Laporte, 1969).  
The Helderberg Group begins with the near-shore facies of the Manlius Limestone and  
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Figure 11: Examples of nodular replacement chert within Onondaga Limestone. 
27  
overlying Coeymans Formation.  These formations are overlain by the deep-water facies 
of the Kalkberg and New Scotland formations.  The second transgressive sequence,  
begins with the near-shore fossiliferous grainstone of the Becraft Limestone, grading 
upward into the deeper-water argillaceous limestone of Alsen and Port Ewen formations.  
Water depth decreased slightly during the deposition of the Glenerie Formation, the unit 
that marks the top of the Helderberg Group.  The Tristates Group begins with the 
relatively deeper-water Esopus Shale.  Regression to shallower water depths is marked by 
the gradation of the Esopus Shale into the shallower argillaceous limestones of the 
Schoharie Formation, the youngest unit of the Tristates Group.  The Onondaga 
Limestone, which overlies the Schoharie Formation, represents a return to a very 
shallow-water reef facies.  The abrupt transition between the reef facies of the Onondaga 
Limestone and the black shale of the Bakoven Shale represents transition from an 
oxygenated shallow-marine platform to an initially anoxic deltaic environment as the 
Acadian foreland basin underwent rapid subsidence.  After Bakoven Shale deposition, the 
basin filled with a clastic wedge, first of marine sandstones (the Mt. Marion Formation) 
but eventually of non-marine strata as exposed in the Catskill Mountains. 
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— CHAPTER 3 — 
STRUCTURAL OBSERVATIONS 
_____________________________________________________________ 
 
General Statement 
 Rocks of the Hudson Valley fold-thrust belt (HVB) contain structures at a range 
of scales.   In the context of the dimensions of the belt, regional-scale structures include 
first-order folds and mappable faults.  Within individual units, local mesoscopic 
structures including outcrop-scale folds and faults, and tectonic cleavage.   An 
examination of "microscopic" structures, such as calcite twinning, was not undertaken as 
part of this research, but such structures have been documented by previous authors 
(Marshak and Engelder, 1985; Harris and van der Pluijm, 1998).  Overall, the trends of 
fold-hinge traces, fault traces, and bedding within the HVB define a regional structural 
grain that trends 018° (Fig. 12).  Significantly, the structural trends intersect the 
Helderberg escarpment at a small angle, for the escarpment trends roughly 010°.  Thus, 
structures are truncated at the escarpment (Fig. 13) and on a transect from south to north, 
the escarpment cuts progressively toward the foreland of the HVB.   
Below, I describe each class of structure as it appears within the Roberts Hill 
study area.  Four outcrops – Hyzer Ravine, Mehls Dihedral, the Restaurant Quarry, and 
the Route 26 Roadcut – are described in detail, for they expose structures which proved 
critical in the structural interpretation described in Chapter 4.  
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 Figure 12: Contoured equal area stereoplot of bedding orientations within the Roberts 
Hill Study Area. 
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 Figure 13: Map showing Miles’ anticline truncated at the Rondout Detachment. 
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Tectonic Cleavage 
 Tectonic cleavage in the Roberts Hill study area trends parallel to regional the 
regional structural grain (015° to 030°) and overall, cleavage dips ~ 60°E (Fig. 14).  The 
intensity and character of tectonic cleavage varies as a function of lithology (specifically 
clay content) and proximity to mesoscopic structures (e.g., Marshak and Engelder, 1985).  
Specifically, cleavage does not occur, or is evident only in the form of widely spaced 
styolites, in the Manlius Limestone, Coeymans Limestone, Becraft Limestone, and 
Onondaga Limestone because these units contain very little clay.  In contrast, the  
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Figure 14: Contoured equal area stereoplot of cleavage orientations in the Roberts Hill 
study area. 
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Kalkberg, New Scotland, and Schoharie formations, all consist of argillaceous limestone 
and contain a moderate to strong wavy cleavage.  Due to the waviness of cleavage 
domains it is described as anastamosing.  Cleavage in the Schoharie Formation is nearly 
perpendicular to bedding, and was visible in nearly all exposures in the Roberts Hill 
Study Area (Fig. 15).  Cleavage in the Kalkberg Formation and New Scotland Formation 
refracts and is nearly parallel to bedding in the immediate vicinity of faulted domains or 
bedding-parallel slip surfaces. Esopus Shale contains closely spaced planar cleavage that 
appears almost slaty in outcrop, but cleavage surfaces do not have the sheen typical of 
true metamorphic slate.  It was not possible to characterize cleavage in the Alsen 
Formation, Port Ewen Formation, or Bakoven Shale because of lack of exposure.  
 
Faulting 
  In the Roberts Hill study area, localities at which faults are directly visible occur 
along the Helderberg Escarpment, and in the vicinity of a small abandoned quarry near 
the Quarry Steakhouse in the village of Climax, just west of the Helderberg Escarpment 
(Fig. 1).  The best exposure of faulting in the Roberts Hill Study Area occurs in the High  
Rocks area, a portion of the Helderberg Escarpment near Kriseln Road (private drive), 
east of Roberts Hill.  At the High Rocks locality, the cliff face exposes strata of the 
Manlius Limestone, the Coeymans Limestone, and the lower Kalkberg Formation.  In 
contrast to other localities, the Manlius Limestone is cut by a closely spaced (1 to 2 cm 
spacing) set surface in the outcrop (Fig. 16).  The Manlius Limestone exposed at the of 
near-vertical, north-south striking joints.  The joints planes are the dominant parting 
34  
  
Figure 15:  Anastomosing cleavage in the Schoharie Formation.  The field book is 
resting on a bedding surface, while the cleavage planes are the dominant parting surface. 
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Figure 16: Vertically oriented jointing within the Manlius Limestone along the 
Helderberg escarpment.  Facing NNE, 42o24’6.99”N -73°49'46.09"W. 
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top of the cliff has a thickness of at least 17 m, and may be as thick as 25 m.  In most 
localities, the Helderberg Escarpment is too steep to climb, so it cannot be examined 
closely, but a cross-sectional exposure of the escarpment does occur in a small E-W-
trending ravine (here called Hyzer Ravine) cutting through the Helderberg Escarpment 
due east of the highest point of the High Rocks locality (Fig. 1).  In Hyzer Ravine, I 
observed weathered E-W trending bedding-parallel fiber slip lineations on the base of a 
subhorizontal bed of Manlius Limestone.  Unfortunately, the slip lineations observed 
were inaccessible and could not be photographed.  The beds beneath this slip surface dip 
30° eastward and curve asymptotically into a sliding surface (Fig. 17).  The interval of 
dipping strata is about 2 m-thick, as measured in a vertical direction.  About 2 m below 
the exposure of 30° ESE dipping strata, beddin g in the Manlius Limestone is 
subhorizontal; the contact between the dipping strata above and the horizontal strata 
below is not exposed.  The sandwich of dipping strata between two intervals of 
subhorizontal beds resembles a flat-roofed duplex structure exposed in the Feura Bush 
Quarry, about 18 km to the NNW (Fig. 18), and in the Route 23 roadcuts approximately 
18 km SSW of the Roberts Hill study area (c.f., Marshak, 1986).  Thus, I suggest that the 
30° ESE-dipping panel of Manlius Limestone is part of a fault-bounded horse between 
two detachment faults.  It should also be noted that since the Rondout Formation is not 
visible that the Rondout detachment may occur in the flat lying Manlius Limestone (1-2 
m above the unconformity) exposed beneath Hyzer Ravine.  
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Figure 17:  Hyzer Ravine.  Facing south, 42o24’9.19”N -73°49'42.92"W 
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Figure 18:  Quarry at Feura Bush (~15 km northwest of the Roberts Hill Study Area) - 
facing north.  In the bottom right corner, the structure is very similar to those observed in 
Hyzer Ravine. 
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A second good exposure of faulting occurs approximately 5 km SSW of Hyzer 
Ravine, near the southern boundary of the Roberts Hill study area a small roadcut along 
Route 26.  This roadcut which is located approximately 200 m west of the bridge over the 
New York State Thruway, is approximately 10 m long, 1 to 3 m-high, trends E-W, and 
lies about 25 m west of the point where Route 26 crosses the Helderberg Escarpment 
(Fig. 19).  I describe notable features of the Route 26 Roadcut in sequence from east to 
west.  At the east end, the Route 26 Roadcut exposes beds Coeymans Limestone 
(containing Gypidula coeymanensis) that dip 17° to the SE.  These beds, which are 
continually exposed for the length of the outcrop, have a maximum exposed thickness of 
approximately 2.5 m.  An additional 3 m west, another fault is exposed.  The hanging 
wall contains beds of Coeymans Limestone that are parallel to the fault surface, whereas 
the footwall contains a 1 m-thick interval of the lower chert-rich Kalkberg Formation.   
These beds are also nearly parallel to the fault, so the fault displays a flat-on-flat 
geometry.  An additional 3 m west, another fault is exposed.  The fault lies entirely 
within the Kalkberg Formation and dips 27°E.  Delineated by a 0.75 m-thick zone of 
intensely cleaved and brecciated Kalkberg Formation, the cleavage dips 38°E.  The faulin 
the Kalkberg Formation cuts across bedding of both the footwall and hanging wall, and 
thus defines a ramp-on-ramp geometry.  Notably, chert layers of the hanging wall beds 
close to this fault (i.e., within ~ 0.5 m) appear to be plastically deformed, for some have 
thickened and others have stretched into boudin-like shapes.  For a distance of up to 1 m 
west of the fault, beds of the footwall have the same dip as those in the hanging wall 
(38°E), but further west, the beds gradually steepen to 55°E, and maintain this dip to the 
west end of the roadcut.   The western fault of the Route 26 roadcut ramps upward and  
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Figure 19: Route 26 Roadcut – facing north. 42o21’55.39”N -73°50'56.97"W 
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merges with the overlying fault.  About 1 m up-dip of the intersection, a ramp cuts 
upsection from the fault and truncates the Coeymans Limestone beds of the hanging wall. 
Approximately 100 m west of the Route 26 roadcut and 10 m north of the road, 
there is a small abandoned quarry, here called the Restaurant Quarry, that is accessed 
from the parking lot of the Quarry Steakhouse restaurant (Fig. 1).  The Restaurant Quarry 
has three high walls and two benches—the upper bench forms the floor of the main 
quarry, whereas the lower bench forms a ledge about 15 m south of the main quarry.  An 
east-dipping thrust fault ramp, exposed in cross section on the edge of the lower bench 
places Manlius Limestone on top of itself in a flat-on-ramp configuration (Fig. 20).  
Footwall strata, which dip ~ 5°SE, are truncated by the ramp, whereas hanging-wall strata 
have a dip of ~ 30°SE and lie parallel to the ramp.  The ramp cuts back into bedding, 
becoming a flat below the Manlius Limestone beds that comprise the upper bench of the 
main quarry.  Strata in the high-walls of the quarry consist of the lower Helderberg Group 
(Manlius, Coeymans, and lower Kalkberg formations).  The horizontal strata exposed in 
the quarry itself comprise the hinge zone of a broad, open upright anticline called Miles’ 
Anticline.  Strata to the west side of the quarry dip gently (~15°) west whereas strata to 
the east of the quarry dip ~ 20° east.  No faults are visible on the quarry high walls. 
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Figure 20: Restaurant Quarry Fault.  Facing NNE.  The highwalls in the background 
expose horizontal bedding in the Manlius Limestone, Coeymans Limestone, and lower 
Kalkberg Formation. These beds comprise the hinge of Miles’ Anticline. 
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A fault system similar to that exhibited at Hyzer Ravine is also exposed in the Manlius 
Limestone about 600 m north of the Restaurant Quarry (Fig. 1c).  At this locality, here 
called "Mehls Dihedral" (a "dihedral" is a term that climbers use for a corner where 
vertical rock faces with different trends intersect), a sub-horizontal thrust fault, which 
places Manlius Limestone on top of itself, is exposed.  Bedding of the overlying Manlius 
Limestone is parallel to this slip surface, whereas bedding below this surface dip ~ 25°E. 
Downdip, the dipping beds curve asymptotically into a lower subhorizontal slip surface 
(Fig. 21).  This configuration observed at Mehls Dihedral suggests that the dihedral 
exposes the same duplex structure that crops out at Hyzer Ravine.    
 
Folding 
There are four first-order folds with wavelengths of 0.5 to 1 km in the Roberts 
Hill study area.  Named in sequence from west to east, they are: the Limekiln anticline, 
the Fox syncline, the Miles anticline, and the High Rocks syncline (Fig. 1).  The 
existance of the folds is based on interpretation of strike and dip data, for fold can be 
observed in its entirety in a  single outcrop.  Along the Helderberg Escarpment, second-
order folds with wavelengths of a few meters or less crop out in individual outcrops, as 
noted in description of Hyzer Ravine and Mehls Dihedral. 
The Limekiln anticline is the most continuously exposed fold in the Roberts Hill 
Study Area.  The hinge of this fold roughly follows Limekiln Road from the southern  
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Figure 21:  Mehls Dihedral - Top photo facing west, bottom photo facing south.   
Notebook for scale (in the same location for both photos)  42o22’10.53”N -
73°50'49.49"W 
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boundary of the Roberts Hill Study Area to the intersection with Haas Hill Road.  Many 
well exposed outcrops of the west limb occur along the west side of Limekiln Road; 
bedding in these outcrops dips at ~ 20° west.  The east limb of the anticline is not as well 
exposed.  A possible outcrop of the east limb occurs at the southeast corner of the 
intersection between Limekiln Road and Schiller Park Road, where a large block of 
Onondaga Limestone, containing east-dipping strata with an almost identical strike to the 
exposures of the west limb, crops out.  Though in the Roberts Hill study area there are 
many erratics of Onondaga Limestone (Fig. 2), the similarity in strike and the 
massiveness of the block at the junction of Limekiln and Schiller Park roads hints that 
this one may be in place.  More definitive evidence for the location of the east limb of the 
fold comes from measuring small outcrops in the woods east of Limekiln Road, near the 
intersection with Hass Hill Road.   
The west limb of the Fox syncline is the east limb of the Limekiln anticline.  The 
hinge of the syncline comes to within ~ 50 m of the Limekiln anticline hinge.  The east 
limb of the Fox Syncline dips ~ 20° west and is well exposed at the south end of the 
Roberts Hill Study Area.  Unfortunately, the syncline is not well exposed in the central 
portion of the Roberts Hill Study Area, but there is exposure until the vicinity of Haas 
Hill Road, where the fold appears to be dying out.     
 The next fold east of the Fox syncline is the Miles anticline, which is also best 
exposed at the southern end of the Roberts Hill Study Area where its hinge forms the 
large hill north of the Restaurant Quarry.  The horizontal strata in the quarry's high walls 
comprise the hinge zone of Miles’ anticline.  This structure is the largest fold in the 
Roberts Hill Study Area—it has a wavelength of ~ 800 to 900 m and an amplitude of ~ 
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150 m.  Both limbs of Miles’ Anticline dip at ~ 20°.  The fold is doubly plunging, so that 
its hinge plunges at <15° north at the northern end of the Roberts Hill Study Area, and at 
< 15° south at the southern end.  The anticline has been removed by erosion where the 
Helderberg Escarpment steps westward by a few hundred meters,  ~ 1 km to the northeast 
of the Restaurant Quarry, but is exposed again near the north end of the Roberts Hill 
Study Area, where the Helderberg Escarpment steps back east, near Hyzer Ravine.   
 The High Rocks Syncline shares its west limb with the Miles anticline.  This 
doubly plunging syncline’s east limb is best exposed just west of the Thruway bridge 
over Route 26.  The fold is also well exposed at the north end of the Roberts Hill Study 
Area near Hyzer Ravine.  As was the case with Miles anticline, the High Rocks syncline 
has been cut off by erosion where the Helderberg Escarpment steps westward, in the 
central portion of  the Roberts Hill study area. 
 
Cross Sections  
 I used the results of my surface mapping to construct three interpretative geologic 
cross sections (Fig. 4; Fig 22).  The cross section lines trend 115°, roughly perpendicular 
to the structural grain, and therefore parallel to regional transport direction in order to 
minimize inaccuracies due to apparent dips and bed thicknesses (Marshak and Mitra, 
1988).  For display purposes, I aligned the three cross sections along a reference line 
drawn parallel to the Bakoven Shale/Mount Marion Formation contact at the western 
(foreland) edge of the HVB.  This alignment illustrates how structure changes along 
strike.  Since the Helderberg Escarpment cuts obliquely across structural grain, it cannot 
be used as a reference line.   
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Figure 22: Interpretative Geologic Cross Sections 
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There are five key features illustrated by the cross sections.  First, the overall 
stratigraphic interval of Siluro-Devonian rocks dips west at about 10° to 20° which 
suggests that the HVB, at the latitude of the Roberts Hill study area, lies on the west limb 
of a regional-scale anticlinorium that arches across the Hudson Valley, as is the case 
along the belt further to the south (c.f., Marshak, 1986).   
Second, the Rondout detachment is exposed along the Helderberg Escarpment.  
The simplified interpretation provided by the cross sections suggests the duplex structure 
formed just above the unconformity.  Field observations at Hyzer Ravine suggest the 
floor thrust of the Rondout detachment may be two meters above the unconformity.  The 
cross section also depicts the western limit of the duplex structure as lying a few hundred 
meters west of the Helderberg Escarpment.  There is no observational constraint on this 
hypothesis, and it is possible that the duplex structure underlies the entire Roberts Hill 
study area.   
Third, the High Rocks syncline lies just west of the Helderberg Escarpment.  This 
syncline is not visible in Section BB', because it has been eroded away.  In CC', the thrust 
found in the Route 26 Roadcut is depicted as an out-of-the-syncline that cuts upsection 
from the Rondout detachment.  Fourth, the Miles anticline lies to the west of the High 
Rocks syncline.  The amplitude of this anticline appears to decrease northwards, as 
indicated by comparison of AA' to CC'.  Fifth, an syncline - anticline pair (the Fox 
syncline and Limekiln anticline) exist along the western edge of the Roberts Hill Study 
Area, as illustrated by cross sections BB' and CC'.  Vergence of the Limekiln Anticline 
appears to be eastward, since its eastern limb is steeper than its western limb.  As 
discussed in Chapter 4, his geometry may be related to a back-thrust at depth. 
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— CHAPTER 4 — 
DISCUSSION AND CONCLUSIONS 
_____________________________________________________________ 
 
Previous cross sections of the Hudson Valley fold-thrust belt (HVB), drawn by 
Marshak (1986) and Burmeister (2005), suggest that shortening has been accommodated 
above two distinct detachment faults.  The upper detachment, known as the Rondout 
detachment, lies at or near the base of the Rondout Formation, and is visible in outcrop in 
the HVB, at least from Kingston to the north.  Excellent exposures of the detachment can 
be found a Route 23 near Catskill (Marshak, 1986).  North of the pinch-out of the 
Rondout Formation, the detachment lies at the base of the Manlius Formation.  The 
detachment in the Manlius Limestone is well exposed in the Feura Bush Quarry, 
northwest of the Roberts Hill Study Area (Marshak, 1990).  The Rondout detachment is 
itself folded by the first-order folds affecting the HVB.  This fact requires that shortening 
affected the underlying Austin Glen Formation subsequent to deposition of the Siluro-
Devonian sequence of the HVB (Marshak, 1986).   This conclusion, in turn, requires that 
a lower detachment, called the Austin Glen detachment, occurs at depth in the Austin 
Glen Formation.  The Austin Glen detachment has not been observed in outcrop in the 
Hudson Valley, so its existence remains speculative (Burmeister, 2005).     
My mapping suggests that both the Rondout Detachment and the Austin Glen 
Detachment occur beneath the Roberts Hill Study Area.  Specifically, the exposures of 
shearing and duplexing involving the Manlius Limestone at exposures along the 
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Helderberg Escarpment (e.g., Hyzer Ravine and Mehls Dihedral) are manifestations of 
the Rondout Detachment.  At Hyzer Ravine, the flat-lying strata observed beneath the 
described sliding surface suggest the Rondout detachment may actually lie approximately 
1-2 m above the Taconic unconformity, since the Rondout Formation is not exposed 
anywhere in the Roberts Hill study area.  The fact that the duplexed interval of the 
Manlius Limestone (i.e., the Rondout Detachment) crops out at the base of the Restaurant 
Quarry, west of two folds, indicates that the Rondout Detachment is folded.  Folding of 
the Rondout Detachment, in turn, implies the existence of the Austin Glen detachment at 
depth. 
 Ramp faults, which cut across strata, were only observed in the Route 26 roadcut.  
The eastward dip of these ramps is compatible with the overall westward vergeance of 
the HVB at the latitude of the Roberts Hill Study Area.  The presence of detachments, 
and of ramps, suggest that the structures of the Roberts Hill Study Area are characteristic 
of fold-thrust belt geometries, as described by Boyer and Elliott (1982).  However, the 
degree of deformation (meaning, the intensity of folding and the number of emergent 
thrusts) is significantly less than in regions of the HVB to the south.  Specifically, I 
observed only gentle folds west of the Helderberg escarpment and, with the exception of 
the thrust exposed in the Route 26 roadcut, I was not able to find any exhumed thrusts in 
the Roberts Hill Study Area.  While this lack may be a consequence of poor exposure, it 
may also be indicative that the region displays less cross-strike shortening strain than do 
regions to the south.  Palinspastic restoration of a marker horizon in my southernmost 
cross sections indicates that the cross-strike shortening of the HVB in the Roberts Hill 
Study Area is ~ 7%.   
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 The low strain and lack of faulting in the Roberts Hill Study Area, compared with 
regions to the south, is problematic.  One possible explanation is that it reflects a 
regional, progressive decrease in cross-strike deformation from south to north in the 
HVB.  But the discordance between the trend of the Helderberg Escarpment and that of 
the structures in the HVB suggests that the lack of deformation occurs simply because the 
Roberts Hill Study Area contains only the foreland-ward portion of the HVB.  The more 
intensely deformed portions, which are visible at the latitude of Catskill, once lay to the 
east of the Roberts Hill Study Area, but have been eroded away by river and glacial 
erosion in the Hudson Valley.  
 The Helderberg Escarpment is underlain by the relatively resistant carbonate units 
of the lower Helderberg Group (Manlius Limestone and Coeymans Limestone).  In the 
Roberts Hill study area, the escarpment is not planar, but contains a C-shaped indentation 
in which the escarpment face steps westward by about 500 m along a distance of about 3 
km (Fig. 4). The Miles anticline and the High Rocks syncline are truncated by this 
indentation, indicating that the indentation is an erosional feature (Fig. 13).  Its position 
may have been localized by the culmination in the folds, for both folds plunge away from 
the center of the indentation.  Evidently, the culmination of the anticline eroded first, 
exposing the less resistant Ordovician sandstone beneath the Helderberg Group.  Notably, 
the double plunge of the High Rocks syncline may account for the “finger” of Helderberg 
Group exposed due south of Hyzer Ravine (Fig. 4).      
Overall, the HVB verges west.  The slight eastward vergence of the Limekiln 
anticline, as illustrated by the geologic cross sections (Fig. 22), therefore is problematic.  
This vergence might be explained by the presence of a conjugate backthrust ramp off of 
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the Rondout detachment at depth; the Limekiln anticline would be a fault-propagation 
fold, above this backthrust (Fig. 23).  Such geometry has been observed in sandbox 
modeling (e.g., Liu, 1992).  Given the regional dip of the Siluro-Devonian sequence, the 
forethrust of the conjugate pair is not exposed.  
In summary, the folds and faults observed in the Roberts Hill study area correlate 
with those found at the western edge of the HVB further south (along Route 23).  The 
mapping project therefore indicates that the existence of two detachments of the fold-
thrust belts recognized from Catskill to the south, also continue to the north.  
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Figure 23: Sandbox modeling (Liu, 1992) showing a backthrust rising off the base of the 
ramp.  The sketch, accounting for regional westerly dips and current levels of erosion 
depicts an admissible explanation of the eastward vergeance of the Limekiln Anticline. 
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